WHAT IS CLAIMED IS: 

. V transmission system for optically transmitting a 
f requency-d^ision-multiplexed signal, which is obtained by 
frequency-division multiplexing a plurality of signals, from a. 
transmitting enq^ to a receiving end, comprising: 
at said transmitting end, 

a multiplexer for frequency-division multiplexing 
said plurality of signals to produce said frequency-division- 
multiplexed signal ; 

an FM modulator for converting said frequency- 
division-multiplexed signal into a frequency-modulated signal 

\ 

through frequency modulation using said frequency-division- 
multiplexed signal as an original signal to output said 
frequency-modulated signal a^^n FM modulated signal; and 

an optical transmitter for converting said FM 
modulated signal into an optical-intensity-modulated signal 
whose optical carrier component \s suppressed in the optical 
frequency spectrum through optical modulation using said FM 
modulated signal as an original signal to send said optical- 
intensity-modulated signal to said receiving end, and 
at said receiving end, 

an optical receiver for receiving said optical- 
intensity-modulated signal from said optional transmitter, and 
converting said optical-intensity-modulatefl signal into an 
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thereof to realize high-quality signal transmission. 

\ The present invention has the following features to attain 
the otXect above . 

A \irst aspect of the present invention is directed to a 
5 transmission system for optically transmitting a frequency- 
division-muiNtiplexed signal, which is obtained by frequency- 
division multiplexing a plurality of signals , from a transmitting 
end to a receiving end, comprising: 
at the transmitting end, 
10 a multiplexer for frequency-division multiplexing 

the plurality of signkls to produce the frequency-division- 
multiplexed signal; \ 

an FM modulator for converting the frequency- 
division-multiplexed signal Vnto a frequency-modulated signal 
15 through frequency modulation\ using the frequency-division- 
multiplexed signal as an original signal to output the 
frequency-modulated signal as an BM modulated signal; and 

an optical transmitter^ for converting the FM 
modulated signal into an optical-iniiensity-modulated signal 
20 whose optical carrier component is suppressed in the optical 
frequency spectrum through optical modulation using the FM 
modulated signal as an original signal toXsend the optical- 
intensity-modulated signal to the receiving eWi, and 
at the receiving end, \ 
25 an optical receiver for receiving tfte optical- 
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itensity-modulated signal from the optical transmitter, and 
converting the optical-intensity-modulated signal into an 
electrical signal corresponding to the FM modulated signal 
through \photodetection based on a square-law detection 
characteristic to output the electrical signal as a received FM 
modulated signer and 

an FM d^odulator for demodulating the received FM 
modulated signal to N;eproduce the frequency-division- 
multiplexed signal . 

As described above, in \he first aspect, the FM modulated 
signal is obtained through ^frequency modulation using a 
frequency-division-multiplexed s\gnal as an original signal. 
The FM modulated signal is converted into an optical- 
intensity-modulated signal at the ^transmitting end. The 
optical-intensity-modulated signal has\ an optical frequency 
spectrum in which upper and lower sddebands distribute 
geometrically similarly to the frequency spectrum of the original 
signal for the optical modulation and in which \n optical carrier 
component is suppressed. Then, the optical-intfensity-modulated 
signal is photodetected based on a squareAlaw detection 
characteristic at the receiving end. At the receiving end, the 
optical transmission system thus obtains an FM modulated signal, 
having a frequency deviation twice as. large as the one of the 
original FM modulated signal produced at the transmitting end, 
as a received FM modulated signal. In this manner, the (optical 
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^transmission system can narrow (reduce in half) the bandwidth of 
thk FM modulated signal at the transmitting end while securing 
the Vrequency deviation thereof large enough to acquire a 
sufficient FM gain in FM demodulation . As a result , it is possible 
5 to prevent the waveform of the transmitted signal from being 
deteriorated due to the group delay characteristic of the 
electrical transmission line and the chromatic-dispersion of the 
optical transmission line, and to realize signal transmission of 
good quality. \ 

□ 10 According t^o a second aspect, in the first aspect, the 

4* optical transmitters includes : 

'^l a light source \f or outputting an unmodulated light; and 

4 s an optical modula\or for modulating the unmodulated light 

; H with the FM modulated\ signal to produce the optical- 

^ 15 intensity-modulated signalX the optical modulator having the 
Mach-Zehnder interferometer V structure with a predetermined 
input-voltage vs. output-opt \cal-power characteristic, and 
being biased in the input-volrage vs. output-optical-power 
characteristic such that the output optical power is at the 
2 0 minimum. \ 

As stated above, in the second aspect, the optical modulator 
used herein is an external optical moduMtor having the Mach- 
Zehnder interferometer structure. A modulating signal (an FM 
modulated signal) is applied to the opticasL .modulator with 
25 respect to the "valley" where the output optical pQ^er is at the 
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maximum in the input-voltage vs. output-optical-power 
characteristic (which is periodic like a sine wave) of the optical 
modulator. The optical modulator thus produces an optical- 
intensrty-modulated signal whose optical carrier component is 
suppressed. The suppression of the optical carrier component 
prevents Vthe waveform from being deteriorated by the 
chromatic-dispersion of the optical transmission line. In 
addition, theXoptical-intensity-modulated signal has an optical 
frequency spectVum in which upper and lower sidebands distribute 
geometrically similarly to the frequency spectrum of the original 
signal for the oVtical modulation. Therefore, after the 
optical-intensity-modulated signal is square-law detected at the 
receiving end, the frequency deviation of the FM modulated signal 
is doubled, thereby making it possible to realize high-quality 
signal transmission. \ 

According to a thirck aspect , in the second aspect, the 
transmission system further (comprises, 

a frequency-divider provided between the FM modulator and 
the optical transmitter for converting the FM modulated signal 
outputted from the FM modulator iVto a frequency-divided FM 
modulated signal whose frequency is lA2 n the frequency of the FM 
modulated signal, the n being an integer of not less than 1, 

wherein the optical modulator modulates the unmodulated 
light with the frequency-divided FM modulatedSsignal to produce 
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i^s described above, in the third aspect, the optical 
transmission system previously produces in the FM modulator an 
FM modulated signal having a frequency deviation larger enough 
to acquire a desired FM gain. The optical transmission system 
then converts; the FM modulated signal into a frequency-divided 
FM modulated srgnal, and next converts the frequency-divided FM 
modulated signalYLnto an optical-intensity-modulated signal for 
transmission. Th^s reduces the phase noise in the FM modulated 
signal to be optically transmitted and FM demodulated. As a 
result, high-quality\ signal transmission can be realized . 

According to a fourth aspect, in the first aspect, the 
optical transmitter incVudes : 

a light source f or\outputting an unmodulated light; 

an optical branching Circuit for branching the unmodulated 
light fed from the light sourfie into first and second unmodulated 
lights; \ 

an optical modulator for modulating the first unmodulated 
light with the FM modulated signal to produce the optical- 
intensity-modulated signal, the optical modulator having the 
Mach-Zehnder interferometer structusre with a predetermined 
input-voltage vs. output-optical-powVr characteristic, and 
being biased in the input-voltage vs A output-optical-power 
characteristic such that the output optical power is at the 
maximum; and \ 

an optical combining circuit for combining the optical- 



intensity-modulated signal produced by the optical modulator and 
the \second unmodulated light to cancel the optical carrier 
component of the optical-intensity-modulated signal with the 
second Xinmodulated light and output the optical-intensity- 
modulated ^signal whose optical carrier component is suppressed. 

As sta\ed above, in the fourth aspect, the optical modulator 
used herein isvan external optical modulator having the Mach- 
Zehnder interferometer structure . A modulating signal (an FM 
modulated signal) o\s applied to the optical modulator with respect 
to the "peak" where Nthe output optical power is at the maximum 
in the input-voltage Vs. output-optical-power characteristic 
(being periodic like a s\ne wave) of the optical modulator. The 
optical modulator modulates the first unmodulated light with the 
applied modulated signal Vo produce an optical-intensity- 
modulated signal. The op^od-cal carrier component of the 
optical-intensity-modulated signal is then canceled by a second 
unmodulated light in the optical combining circuit. The optical 
carrier component of the optical-intensity-modulated signal is 
thus suppressed, and the optical frequency spectrum thereof has 
upper and lower sidebands distributing geometrically similarly 
to the frequency spectrum of the original aiignal for the optical 
modulation. Accordingly, it is possible to prevent the waveform 
of the transmitted signal from being deteriorated due to the 
chromatic-dispersion of an optical transmission line, and to 
increase the frequency deviation of the FM modulated signal by 
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souare-law detecting the above-mentioned optical-intensity- 
mocxulated signal at the receiving end, which leads to high-quality 
signa^ transmission. 

According to a fifth aspect, in the fourth aspect, the 
5 optical transmitter further includes an optical delay circuit, 
provided be\ween the optical branching circuit and the optical 
combining circuit, for adjusting a propagation delay of at least 
one of the f irst^inmodulated light, the second unmodulated light, 
and the optical^antensity-modulated signal produced by the 
0 optical modulator suu:h that the second unmodulated light and the 
optical carrier component of the optical-intensity-modulated 
signal produced by the\optical modulator are set in opposite 
phases to each other . \ 

As described above, \in the fifth aspect, the optical- 
15 intensity-modulated signal produced by the optical modulator is 
combined with the second unmodulated light set in an opposite 
phase to the optical carrieA component of the optical- 
intensity-modulated signal. The optical carrier component of 
the optical-intensity-modulated signal is thus canceled by the 
20 second unmodulated light. Resultantly /Vt is possible to produce 
an optical-intensity-modulated signal whose optical carrier 
component is suppressed. \ 

According to a sixth aspect, in the fourth aspect, the 
transmission system further comprises, \ 
25 a frequency-divider provided between the FM modulator and 
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signal into an optical-intensity-modulated signal whose optical 
carrier component is suppressed in the optical frequency spectrum 
through optical modulation using the FM modulated signal as an 
original signal \o send the optical-intensity-modulated signal 
to the receiving W. 

According to V ninth aspect, in the eighth aspect, the 
optical transmitter includes: 

a light source f©r outputting an unmodulated light; and 

an optical modulator for modulating the unmodulated light 
with the FM modulated\ signal to produce the optical- 
intensity-modulated signalv the optical modulator having the 
Mach-Zehnder interf erometeA structure with a predetermined 
input-voltage vs. output-optical-power characteristic, and 
being biased in the input-ventage vs. output-optical-power 
characteristic such that the output optical power is at the 
minimum. \ 

According to a tenth aspecA, in the ninth aspect, the 
transmitter further comprises, \ 

a frequency-divider provided between the FM modulator and 
the optical transmitter for convertingYthe FM modulated signal 
outputted from the FM modulator into a frequency-divided FM 
modulated signal whose frequency is l/2 n the frequency of the FM 
modulated signal, the n being an integer cm: not less than 1, 

wherein the optical modulator modulates the unmodulated 
light with the frequency-divided FM modulated Signal to produce 



the opticalAintensity-modulated signal . 

According to an eleventh aspect, in the eighth aspect, the 
optical transmitter includes: 

a light source for outputting an unmodulated light; 

an optical branching circuit for branching the unmodulated 
light fed from the \ight source into first and second unmodulated 
lights; \ 

an optical modulator for modulating the first unmodulated 
light with the FM modulated signal to produce the optical- 
intensity-modulated signal, the optical modulator having the 
Mach-Zehnder interferometer structure with a predetermined 
input-voltage vs. outputvoptical-power characteristic, and 
being biased in the inputs-voltage vs . output-optical-power 
characteristic such that th© output optical power is at the 
maximum; and \ 

an optical combining circuit for combining the optical- 
intensity-modulated signal produced by the optical modulator and 
the second unmodulated light to\ cancel the optical carrier 
component of the optical-intensity-modulated signal with the 
second unmodulated light, and output the optical-intensity- 
modulated signal whose optical carrier component is suppressed. 

According to a twelfth aspect, iA the eleventh aspect, the 
optical transmitter further includes am optical delay circuit, 
provided between the optical branching circuit and the optical 
combining circuit, for adjusting a propagation delay of at least 
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one of the first unmodulated light, the second unmodulated light, 
and tha optical-intensity-modulated signal produced by the 
optical modulator such that the second unmodulated light and the 
optical carrier component of the optical-intensity-modulated 
signal produced by the optical modulator are set in opposite 
phases to eaclA other. 

According to a thirteenth aspect, in the eleventh aspect, 
the transmitter further comprises, 

a frequency-divider provided between the FM modulator and 
the optical transmitter for converting the FM modulated signal 
outputted from the fA modulator into a frequency-divided FM 
modulated signal whose frequency is l/2 n the frequency of the FM 
modulated signal, the n being an integer of not less than 1, 

wherein the opticaLL modulator modulates the first 
unmodulated light with the frequency-divided FM modulated signal 
to produce the optical-intenaity-modulated signal. 

According to a f ourteenth^spect , in the eighth aspect, the 
transmitter further comprises, 

a frequency-divider provided between the FM modulator and 
the optical transmitter for convermng the FM modulated signal 
outputted from the FM modulator into a frequency-divided FM 
modulated signal whose frequency is l/2 n the frequency of the FM 
modulated signal, the n being an integer of not less than 1, 

wherein the optical transmitter \includes an optical 
modulator for producing the optical-intensaSty-modulated signal 
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Outputs the FM modulated signal to the electrical transmission 
link 102. The light source 103 outputs an unmodulated light. The 
optical modulator 104 receives the unmodulated light from the 
light source 103 and the FM modulated signal through the 

5 electrical transmission line 102, then modulates the unmodulated 
light with \he FM modulated signal, and outputs an optical signal 
whose opticaY carrier component is suppressed. The optical 
modulator 104 h\s the Mach-Zehnder interferometer structure, for 
example, and is leased at the "valley" in its input-voltage vs. 

0 output-optical-poweyr characteristic, where the output optical 
power is at the minimum, as shown in FIG. 3. The FM modulated 
signal is applied to thte optical modulator 104 with respect to 
the voltage of an operaMng point 1001 which is set by the 
above-mentioned bias. The \ptical modulator 104 thus produces 

5 an optical-intensity-modulatefl signal (hereinafter, referred to 
as "optical signal") having thew optical frequency spectrum in 
which an optical carrier component\is suppressed as shown in FIG. 
2B. The optical receiver 106 receives the optical signal through 
the optical transmission line 105, an*d square-law detects the 

0 signal to convert into an FM modulated sigrml having the frequency 
spectrum as shown in FIG . 2C , that is , an FM modulated signal whose 
carrier frequency is 2fc and whose frequency deviation is 2* 
AF. The optical receiver 106 then outputs t^ FM modulated 
signal to the FM demodulator 107. The FM demodulator 107 

5 demodulates the FM modulated signal to reproduce tire original 



electrical signal corresponding to said FM modulated signal 
5 through photodetection based on a square-law detection 

\ 

characteristic to output said electrical signal as a received FM 
modulated signal; and 

an\FM demodulator for demodulating said received FM 
modulated signal to reproduce said frequency-division- 

\ 

0 multiplexed signal 




2. The transmission system according to claim 1, wherein 

said optical transmitter includes: 

\ 

a light source for, outputting an unmodulated light; and 
an optical modulatoAfor modulating said unmodulated light 
5 with said FM modulated Signal to produce said optical- 
intensity-modulated signal, s^aid optical modulator having the 
Mach-Zehnder interferometer structure with a predetermined 
input-voltage vs. output-opticai-power characteristic, and 
being biased in said input-voltage vs. output-optical-power 
0 characteristic such that the output\optical power is at the 
minimum . 



3. The transmission system according 1&p claim 2, further 
comprising, 

a frequency-divider provided between said ^M modulator and 
said optical transmitter for converting said FM modulated signal 
outputted from said FM modulator into a f requency-ciivided FM 
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modulated signal whose frequency is l/2 n the frequency of said 
FM modurated signal, said n being an integer of not less than 1, 
wheYein said optical modulator modulates said unmodulated 
light with ^aid frequency-divided FM modulated signal to produce 
0 said opticalVintensity-modulated signal. 

4. The transmission system according to claim 1, wherein 
said optical transmitter includes: 

a light source for outputting an unmodulated light; 

an optical branching circuit for branching said unmodulated 
5 light fed from said light source into first and second unmodulated 
lights; \ 

an optical modulator for modulating said first unmodulated 
light with said FM modulated signal to produce said optical- 
intensity-modulated signal A said optical modulator having the 
0 Mach-Zehnder interferometer Xstructure with a predetermined 
input-voltage vs. output-optical-power characteristic, and 
being biased in said input-voltage vs . output-optical-power 
characteristic such that the outgut optical power is at the 
maximum; and \ 
5 an optical combining circuit for combining said 

optical-intensity-modulated signal produced by said optical 
modulator and said second unmodulated ligh\ to cancel the optical 
carrier component of said optical-intensiw-modulated signal 
with said second unmodulated light and output said optical- 
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20 interosity-modulated signal whose optical carrier component is 
suppressed. 



5. 'fthe transmission system according to claim 4, wherein 
said opticai\ transmitter further includes an optical delay 
circuit, provided between said optical branching circuit and said 
optical combining circuit, for adjusting a propagation delay of 
5 at least one of \said first unmodulated light, said second 

\ 

unmodulated light, and said optical-intensity-modulated signal 

\ 

produced by said optical modulator such that said second 

\ 

unmodulated light and ^said optical carrier component of said 
optical-intensity-modulated signal produced by said optical 
10 modulator are set in opposite phases to each other. 
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6. The transmission system according to claim 4, further 
comprising, 

a frequency-divider provide^ between said FM modulator and 
said optical transmitter for converDing said FM modulated signal 
outputted from said FM modulator inlk) a frequency-divided FM 
modulated signal whose frequency is 1/2? the frequency of said 
FM modulated signal, said n being an integer of not less than 1, 

wherein said optical modulator mooulates said first 
unmodulated light with said frequency-divided FM modulated signal 
to produce said optical-intensity-modulated signal. 
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7. The transmission system according to claim 1, further 
comprising X 

a frequency-divider provided between said FM modulator and 
said optical transmitter for converting said FM modulated signal 
outputted frorrAsaid FM modulator into a frequency-divided FM 
modulated signal whose frequency is l/2 n the frequency of said 
FM modulated signal, said n being an integer of not less than 1, 

wherein saici optical transmitter includes an optical 
modulator for producing said optical-intensity-modulated signal 
through said optical modulation using said frequency-divided FM 
modulated signal as an original signal. 



A transmitter \f or use in a transmission system for 
optically transmitting a f fiequency-division-multiplexed signal, 
which is obtained by f requeney-division-multiplexing a plurality 
of signals, from a transmitting end to a receiving end, 
comprising : 

a multiplexer for frequency-division multiplexing said 

\ 

plurality of signals to produce said frequency-division- 
multiplexed signal ; 

an FM modulator for converting\ said frequency-division- 
multiplexed signal into a frequency-modulated signal through 
frequency modulation using said f requencWdivision-multiplexed 
signal as an original signal to output said \requency-modulated 
signal as an FM modulated signal; and 
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an optical transmitter for converting said FM modulated 
signal into an optical-intensity-modulated signal whose optical 
carrier coimponent is suppressed in the optical frequency spectrum 
through optrcal modulation using said FM modulated signal as an 
original signal to send said optical-intensity-modulated signal 
to said receiving end. 

9. The transmitter according to claim 8, wherein said 
optical transmitter includes : 

a light source for outputting an unmodulated light; and 
an optical modulator for modulating said unmodulated light 
with said FM modulated Ysignal to produce said optical- 
intensity-modulated signal, \said optical modulator having the 
Mach-Zehnder interferometer Structure with a predetermined 
input-voltage vs. output-optiqal-power characteristic, and 
being biased in said input-voltage vs . output-optical-power 
characteristic such that the outp\t optical power is at the 
minimum. 



10. The transmitter according \to claim 9, further 
comprising, 

a frequency-divider provided between sa\Ld FM modulator and 
said optical transmitter for converting said FMViodulated signal 
outputted from said FM modulator into a frequency-divided FM 
modulated signal whose frequency is 1/2" the frequency of said 
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FM modulVted signal, said n being an integer of not less than 1, 
wherein said optical modulator modulates said unmodulated 
light with siaid frequency-divided FM modulated signal to produce 
said optical-^intensity-modulated signal. 

11. The transmitter according to claim 8, wherein said 
optical transmitter includes: 

a light source^for outputting an unmodulated light; 

an optical branching circuit for branching said unmodulated 
light fed from said light source into first and second unmodulated 
lights ; 

an optical modulator\f or modulating said first unmodulated 
light with said FM modulated signal to produce said optical- 
intensity-modulated signal ,\said optical modulator having the 
Mach-Zehnder interferometer ^structure with a predetermined 

\ 

input-voltage vs. output-optical-power characteristic, and 
being biased in said input-voltage vs . output-optical-power 
characteristic such that the output optical power is at the 
maximum; and 

an optical combining circuit for combining said 
optical-intensity-modulated signal pra^uced by said optical 
modulator and said second unmodulated light^to cancel the optical 
carrier component of said optical-intensitw—modulated signal 
with said second unmodulated light, and output said optical- 
intensity-modulated signal whose optical carrie^r component is 
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suppressed, 

\ 

12\ The transmitter according to claim 11, wherein said 
optical transmitter further includes an optical delay circuit, 
provided between said optical branching circuit and said optical 
combining circVit, for adjusting a propagation delay of at least 
one of said f irstYmmodulated light , said second unmodulated light , 
and said opticalAintensity-modulated signal produced by said 
optical modulator smch that said second unmodulated light and said 
optical carrier component of said optical-intensity-modulated 
signal produced by sa\j.d optical modulator are set in opposite 
phases to each other. 

13. The transmitter according to claim 11, further 
comprising, 

a frequency-divider proVided between said FM modulator and 
said optical transmitter for converting said FM modulated signal 
outputted from said FM modulator into a frequency-divided FM 
modulated signal whose frequency \is l/2 n the frequency of said 
FM modulated signal, said n being an integer of not less than 1, 

wherein said optical modulator modulates said first 
unmodulated light with said frequency-divided FM modulated signal 
to produce said optical-intensity-moduiated signal. 
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The transmitter according to\ claim 8, further 
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comprising, 

a frequency-divider provided between said FM modulator and 
said opticalNtransmitter for converting said FM modulated signal 
outputted from\said FM modulator into a frequency-divided FM 
modulated signal Vose frequency is l/2 n the frequency of said 
FM modulated signal ,Nsaid n being an integer of not less than 1, 

wherein said optical transmitter includes an optical 
modulator for producing saicKoptical-intensity-modulated signal 
through said optical modulatioiNusing said frequency-divided FM 
modulated signal as an original signal. 
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